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How	the	Brain	Changes	with	Normal	Aging

Age-Associated	Memory	Impairment

How	the	Brain	Changes	with	Normal	Aging

Age-Associated	Memory	Impairment

Age-Associated	Executive	Impairment

(also	known	as	the	Frontal	Lobe	Hypothesis	of	Cognitive	Aging)

Somatic	Marker	Hypothesis
(Damasio,	1994)

• Theory	of	how	the	brain	and	body	impact	decision	
making

• During	decision-making,	a	person’s	emotions	and	
feelings	(from	prior	experiences)	are	key	to	making	a	
decision

• Two	brain	areas	are	important	to	triggering	various	
bodily	changes	(somatic	states)
– Ventromedial	prefrontal	cortex	(VMPC)
– Insular	cortex

• The	somatic	marker	hypothesis	predicts	that	damage	to	the	VMPC
sector	and/or	insular	cortex	will	produce	impairments	(abolish	or	
attenuate)	in	somatic	responses	to	emotionally	charged	stimuli

Socioemotional	Selectivity	Theory	
(SST)	(Carstensen &	colleagues)

SST	is	a	motivational	theory	which	suggests	that	secondary	
to	an	understanding	of	constraints	on	life	longevity,	older	
adults	alter	their	strategies	for	emotional	regulation.

Older	adults	focus	on	and	demonstrate	a	bias	towards	
positively-valenced material.

Data	from	several	cognitive	domains	supports	this	theory	
(memory,	attention,	decision	making).
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Cognitive	Reserve	(CR)	
• Multiple	studies	have	
identified	Alzheimer’s	
disease	neuropathology	in	
the	brains	of	high-
functioning	individuals	
who	have	never	exhibited	
cognitive	problems.		

• CR	refers	to	the	amount	of	
damage	that	the	brain	can	
sustain	before	changes	in	
cognition	are	evident.		

Occupation

Lifetime	
Mental	
Activity

Cognitive	
ReserveEducation

Social	
Networks

Older	Adulthood	is	a	Time	of	Critical,	
Complex,	and	Stressful	Decision-Making

• Medical	decision-making
• Financial	decision-making
• Estate	planning
• Change	in	roles/responsibilities	following	
the	death	of	a	spouse/partner

• Change	in	residence/living	arrangement

The	Problem

• Deceptive	and	fraudulent	advertisers,	telemarketers,	
and	door-to-door	salespeople	are	notorious	for	
targeting	older	adults.

• Financial	abuse	of	elders	aged	65	years	and	older	has	
risen	from	8%	in	1950	to	an	astounding	20%	in	2010	
(Infogroup/ORC,	2010).

• These	statistics	are	likely	underestimates,	with	only	
one	in	25	cases	being	reported (Wasik,	2000).				

Why	do	some	elderly	make	poor	real	
world	decisions	and	fall	prey	to	fraud?

• Many	possibilities	have	been	raised
– e.g.,	loneliness,	gullibility,	dementia
– Largely	anecdotal,	few	empirical	data
– Often	do	not	accurately	characterize	victims

• We	propose	that	cognitive	vulnerability	(though	
not	a	bona	fide	dementia),	specifically	related	to	
flawed	emotional	responses	that	stem	from	
abnormalities	that	develop	in	the	brain’s	
prefrontal	cortex,	may	help	explain	why	older	
adults	are	frequently	victims	of	elder	fraud.		
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Laboratory	Decision-Making

1848	in	Cavendish,	VT

Development	of	the	Iowa	Gambling	
Task	(Bechara)

• Real-life	difficulties	in	decision-making	have	
been	extremely	difficult	to	capture	in	the	
laboratory.

• Well-known	tasks	of	executive	functioning	
have	been	found	to	be	insensitive	and	non-
specific.

• In	sum,	measurement	of	such	deficits	has	
been	elusive.		

(Bechara,	Damasio,	Damasio,	&	Anderson,	1994)
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You win $100!

A B C D

But you lose $1250! You win $50!

A B C D

But you lose $25!
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The	Iowa	Gambling	Task
(Denburg,	Tranel,	&	Bechara,	2005)
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The	Iowa	Gambling	Task
(Denburg,	Tranel,	&	Bechara,	2005)
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Older Impaired vs Unimpaired Dependent Measure

• Skin conductance response (or SCR) as a proxy 
for somatic markers (i.e., emotion).

• Anticipatory SCRs:  SCRs generated 
immediately prior to the point at which the 
subject turned a card from a given deck, i.e., 
during the time period the subject was pondering 
from which deck to choose

Psychophysiological	Studies
(Denburg,	Recknor,	Bechara,	&	Tranel,	2006)
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Real-World	Decision-Making

Creation	of	Ad	Stimuli

• Deceptive	advertising	claims	were	drawn	from	those	
cases	rendered	problematic	by	the	Federal	Trade	
Commission	(FTC)	during	the	last	10	years	as	
published	in	their	journal,	FTC	Decisions.		

• For	each	FTC	advertisement,	non-deceptive	
counterparts	were	created.		

• Deceptive	and	non-deceptive	advertisements	were	
admixed	to	create	two	advertising	booklets.

The	Advertising	Study
(Denburg,	Cole,	Hernandez,	Yamada,	Tranel,	Bechara &	Wallace,	2007)
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Financial	Decision-Making
(S.	Shivapour,	Nguyen,	Cole,	&	Denburg,	2012)

Structural	and	Functional	
Neuroimaging	Correlates	of	

Disadvantageous	Decision-Making

What	is	happening	to	the	brains	of	our	
“Impaired”	older	adults?

Denburg &	Harshman,	2010
Koestner,	Hedgcock,	&	Denburg,	2016
• FDG-PET (metabolism):

– Decision Making
• VMPC

– Anterior cingulate (B)
• DMPC

– Frontal superior medial (R)
– Frontal medial cortex (L)

– Emotional States
• Insula (R) 

– Executive Functioning
• Inferior frontal gyrus (B)
• Caudate (R)

• fMRI (brain activity during a task):
– Decision Making

• VMPC

• sMRI (cortical thickness):
– Decision Making

• VMPC
– Rostral anterior cingulate (L) 
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CASE	STUDIES:
THE	SEEMINGLY	HIGH	FUNCTIONING	OLDER	ADULT

The	Aging-Dementia	Cascade

Causes	of	Dementia

• Degenerative	disease	
– e.g.,	Alzheimer’s,	Lewy	Body,	Lobar	dementias

• Are	the	most	important	clinical	category

• Focal/Multi-focal	brain	damage	
– e.g.,	stroke,	tumor

• Medical	or	psychiatric	illness
– e.g.,	NPH,	medications,	alcohol/drugs,	depression

• Often	reversible	if	caught	early

Can	have	a	synergistic	effect

Many	Modifiable	Risk	Factors

• Vascular	risk	factors	and	risk	of	AD	
– Washington	Heights-Inwood	Columbia	Aging	Project	
(WHICAP)

– N =	1138,	mean	age	76.2,	random	sampling	Medicare	
pts	followed	~5.5	years,	272	developed	dementia
• Diabetes	mellitus
• Hypertension
• Heart	Disease
• Elevated	LDL	Cholesterol
• Smoking
• High	BMI

Luchsinger et al., 2005, Neurology
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Risk	of	Developing	Alzheimer’s	Disease
• Increased	1.7 fold	when	any	ONE	was	present

– Diabetes	mellitus,	hypertension,	heart	disease,	
smoking

• Increased	2.5 fold	when	any	TWO	were	present

• Increased	3.4 fold	when	THREE	were	present

• Type	II	diabetes increased	the	risk	to	a	greater	
extent	than	the	other	factors,	followed	by	
smoking.

Luchsinger et al., 2005, Neurology

Evidence	for	the	sustained	experience	of	
emotion	beyond	declarative	memory	in	

amnesia

Feinstein et al. (2010)

Will a mood persist 
once the memory for 

what induced the 
mood has 

disappeared?

Timeline of the Experiment 
(2 inductions:  Positive/Amusement and Negative/Sadness) 

Feinstein J S et al. PNAS 2010;107:7674-7679
©2010 by National Academy of Sciences

Recollection of film clips and postfilm emotion 
ratings following the sadness induction 

Feinstein J S et al. PNAS 2010;107:7674-7679
©2010 by National Academy of Sciences
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Current	Decision-Making	Work
(funded	by	NIA/NIH)

The	objective	of	this	application	is	to	characterize	the	
neurobehavioral	phenotypes	of	older	persons	who	are	at	differing	

levels	of	risk	for	poor	decision-making	under	stress.

Does	a	bout	of	acute	stress	change	decision	making	patterns	in	healthy	
older	adults?

Or	more	colloquially:
What	happens	to	decision	making	when	you	put	older	adults	into	a	brain	
scanner	and	stress	them	out?

How	do	you	induce	stress	in	the	laboratory?	

Trier	Social	Stress	Test	(TSST;	Kirschbaum,	Pirke,	&	Hellhammer,	1993)	

Montreal	Imaging	Stress	Test	(MIST;	Pruessner et	al.,	2008)	

Montreal	Imaging	Stress	Test

Audio	from	Stress	MIST	day
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Montreal	Imaging
Stress	Test	
(STRESS) Decision

Making
Task

Experimental	Design

Montreal	Imaging	
Stress	Test	
(CONTROL)

Unstressed	Day

Stressed	Day

Decision
Making
Task

or
Today

2 weeks

or
Today

2 weeks
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